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INTRODUCTION:

Successful launching of the Atlas Missile requires the
instantaneous disconnect of all direct contact electrical
monitoring leads. This is accomplished by triggering the
release of cocked springs. As these springs return to their
rest position they push the mating cable away from the plug
and break electrical contact.

OBJECTIVE:

The objectives of this test request ars to:

I) Alleviate corrosion problems in umbilical connectors
and

2) To determine if lubrication is required in the
umbilical plug and if so, what lubricant.

CONCLUSIONS: tv

1) There were no major corrosion problems to be
alleviated in the umbilical connectors examined
under this test request.

Minor corrosion problems (specks of rust) can be
alleviated by a periodic application of WD-40
Preservative Oil (Rocket Chemical Corporation, San
Diego 20, California) over all moving parts.

2) The umbilical connector does not require lubrication.
Both the cocking mechanism and the manual release
mechanism of the plug examined under this test
request satisfied the requirements of Report No.
27-06168.
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RECOMMENDATIONS:

1) The part should be periodically sprayed with a light
preservative oil such as WD-40, (Rocket Chemical Corp.,
San Diego 20, California) to guard against corrosion.

2) Solder flux remaining on the electrical harness after
assembly should be removed with alcohol. This will
reduce or eliminate corrosion on parts exposed to the
electrical harness.

3) Coaxial connections should be doubly checked to pre-
vent poor electrical contacts.

4) Operators should rely on the indicator guide to deter-
mine when the plug is cocked. The indicator guide in
Figure 1 shows the plug to be overcocked. When properly
cocked the unpainted portion of the movable guide should
be barely visible behind the stationary guide.

5) Plugs with bent collet leaves should be removed from
service as they no longer satisfy the Engineering
Drawing (Gray and Huleguard 562-340). They can be
detected by retracting the collet pins while
observing the extended collets. Figure 4 shows a
bent collet leaf which did not contract.

6) The thickness of the electrolysed chrome plate should

be increased at the collet tip to improve wearing
qualities.

7) The clearance between the collet and the housing
should be examined to reduce friction at this surface.

2
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Part Name: Umbilical Connector

Hnnufacturor: Gray and Kuleguard
Lea Angeles *6, Calif.

Manufacturer's Part MN.: 562-700 .

Applicable Specification
Report Number: 27.06"

"Connecter, gletrical,
Umbilicals Ground to
Nissiles Specification for"

Number of Specimens
Resoived: Two (2)

Coaditiem of Specimens: a. This connector was
physically damaged in a L
drop at point Loin.

bo This connector had a
broken lanyard cable,

Figure I io a photograph of the tabilicaZ Connstor. The
shield assembly which io not shown has been removed to dis-
ale"e the Internal moving parts. The shid assembly Iseludod
a small window se that the indicator gg cam be observedo
The connector operates Is the following maser: when the
hexagonal me, attached to the pinion Sear Is turned; the

acme scew, keyed to the gear plate, rotates. The ftme nut.,
prevented from rotating by the six alignment red*, moves, to
the top of the plug. The collaes attached to the ame maste
protrude pest the housing. If the cocking handle, which IsK connected to the **list pins through the walking beam, is
pwlod, the **li tips may compress an"' slip late the __

receptacle @01101 Insert. Figure 2 demostrates the relative
positions of these parts when the collet pin. return to their
merml position and lock the receptacle In plus..

When the pinion gear is rotated Ii o other direction, the
collates which can no longer retracts draw the receptacle to
the housing and compress the rease springs. At this stage,

* the plug io fully mated electrically and mechanically.

3
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SP8CIMEN: (CONTINURD)

Mechanical disconnect occurs when the collet pine are retracted*
Retraction may be Induced by energizing the solenoid or by
palling on the manual role&&e lanyard. When the collet pins
retract, the collet tips disengage themselves from the reept-
acle ellet Insert. The compressed release springs are new
fro* to expand and separate the part's.

Ot

ILSI
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PROCEDURE:

Torque measurements are used to describe the forc: required to -.. ,
retract the collets or to cock the plug. Torque values were
taken at the hexagonal nut with a 150 inch pound torque wrench. 4
The accuracy of this instrument is better than + 5 inch pounds.
Tension measurements are used to describe the fore. required
to retract the collet pins. Tension measurements were taken '-
from the end of the walking beam with a calibrated "fish"
scale. The scale was manufactured by John Chatillon and is
designated "Guage R". It measures up to 40 pounds in 1/2
pound divisions. The length of the scale is four inches.
Reading error is a maximum of 1/2 pound. The accuracy is better
than 1 pound. The tension and torque measurements were per-
formed with the Umbilical connector locked in a horizontal
position.

1) The cable was attached to the connector before lubrication. '.
The hexagonal nut was rotated until the plug was fully
cocked as determined by the indicator guide. The final .J
torque value was recorded. The scale was placed on the
walking beam and tension increased until "disconnect"occurred. The final tension value was recorded.

2) The effect of lubrication on the cocking mechanism was
determined by torque measurements in the unmated condi-
tion. These values were recorded at each revolution of
the hexagonal nut. They were taken before and after
applying a light lubricating oil, "3 in 1", (manufactured
by: Boyle Midway Inc., 29 E. 40th St., N.Y.C.) to the
pinion gear, gear plate, race bearings (located at both
ends of the acme screw), alignment rods, acme threads
and the outside of the collets.

3) The effect of lubrication on the release mechanism was
determined by tension measurements in the unmated
condition. These were performed before and after apply-
ing a light lubricating oil to the pivot points, the
collet pins, and the alignment bushings.

.- Wo
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PROCZDURE: (CONTI NUED)

1) The connecting cable was again locked into position and
torque measurements repeated. The difference betweanN
these values and those from Test 2b should correspond
to the force required to comprests the release springs.

5) Tension measurements were taken as the mated plug was
cocked to determine whether the degree of cocking affects
the release requirements. ~ 4

0) The plug was examined for signs of corrosion which might
possibly interfere with a successful disconnect, Cerro-
sion, present on the collet tips was removed and tension
measurements repeated.

7) The pLag was examined for other corrosion loci. A
second plug which had been physically damaged In a drop
at Point Loi was disassembled in order to study the
moving parts. It was now thoroughly oxamIned for signs
of corrosion and lubrication needs. Metallegraphie
specimens of corroded areas were examined under the
microscope.

8) The plug warn examined for mechanical and electrical
defects which could Interfere with plug performanceo

o . 9
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RESULTS:

1) The torque required to complete the cocking operation of
the unlubricated plug was 60 inch pounds, This value
satisfies the requirements of Astronautics Specification
27-00168. Paragraph 3.5.2.3,5 spoesifies:

MGAGNENT: Plug and receptacle engagement shall be
such that it may easily be accomplished
by handq by one person with the use of
ordinary hand tools.

An operator using an ordinary nine inch socket or crescent
wrenah may apply 100 inch pounds of torque. This is coa-
siderably more torque than was required to fully cock the I.

Umbilical Connector0  Disconnect occurred when 22 pounds
of tension were applied at the end of the walking beam.
This value satisfies the requirements of Astronautics
Speification 27-06168. Paragraph 3.5o2.3.2.2 spoiflea:

M-CHANICAL RELEASE: The force required to eject the
plug mechanically by mans of
the release lanyard shall not be
los than 25 pounds nor ore than
100 pounds.

The tension value of 22 pounds as measured from the end
of the walking beam corresponds to a 35 pound force
measured from the lanyard. Lanyard tension values could
not be directly determined because the lanyard cable was
broken. They can be calculated from walking beam tension
values if the mechanical advantage is determined. The
mechanical advantage gained by using the walking beam

rather than the lanyard is 1.6:1. This in the inverse
ratio of their respective distances from the pivot point.

7.° °
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RESULTS: (CONTINUED)

2) Lines 2 and 3 of Table I show that lubrication reduced __p the initial torque values from 36 to 15, 36 to 14, and
30 to 11 inch pounds. A wide range of torque values,
from 2 to 15 Inch pounds, exists in the lubricated,
unmated condition0 This Indicates a variable friction
surface Onaf teeted by lubrication. Scratches on the
collet slank demonstrate this type of friction surface
between tihe collet and the housing assembly. This
friction surface disappears when the cellets are retracted .

or the release springs compressed.

3) Lubrication of the collet pins, bushinvog and pivot points
with "13 in I" oil reduces the tension required for release
in the unmated condition. The tension required for release
before lubrication is shown on lime 7sof Table I* The
tension required for release after lubrication is shown
on line S. The effect of permanent lubricants could not
be evaluated. This type of evaluation would require
disassembly of the connector, application of the lubricant, " .
and reassembly. Reassembly requlres special jigs and
meehanical fixtures.

6-
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RESULTS: (Continued)

4) Torque values are higher when the cable is locked in placehi than when disconnected, i.e., 35 to 2, 36 to 2, 38 to 2,
40 to 2, 44 to 2, and 45 to 2 inch pounds. The initial
constant value of 20 inch pounds on line 4 of Table I

appears to be a gross error because mor4 torque shbuld
be required as the release springs are compressed. A
misalignment problem permits the collets to rub against

the housing. From line 3 of the table we can see that this
friction surface disappears as the collets are retracted.
When we correct for this friction surface, the difference

between lines 3 and 4, we see that the net force required
for spring compression obeys the following equation.

F z 2 x Number of Hexagonal Nut Rotations + 5

This equation is a restatement of Hooke's Law:
"Within the elastic limit of any body the

ratio of the stress (F) to the strain (n)
is constant F w kn"

Torque values rise very rapidly whep the celletas reach
their limit of travel. Forceful "bottoming out" can
strip the gears. Chipped and mangled teeth were observed
on the pinion gear. This indicates that excessive torque
was applied after the collets had reached their limit of
travel.

t

h.,
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RESULTS: (CONTINUED)

5) The degree to which a mated plug is cocked affects thetension required for release. Cocking corresponds to
pushing the cable upwards in Figure 2 while restraining
the collets. The ca&ul* catch press the collet Into

the cellet pin and increases the friation surface.
Movement at this friction surface becomes more diffi-
cult as the release springs are compressed and almost
isposaale if the plug is ovoeckedo

6) The encircled area an Figure 2 Is subject to the greatest
straim beeause the cable catch digs iate the cellet whem
the release springs are compressed* Figure 3 is a photo-
micrograph ef this portion of the ellet. It shows the
damaged chreo finish And corroded base mta-lo Setting
this portion of the eollet tip had me measurable offet
so the tension requirements. Cellet tips with a thicker
chrome finish should better withstand the abrasive
effects of repeated mating cycles. Now well the thicker
coating can withstand the excessive localized forces
associated with overcockiag Is pure oomjecture. The
collet tip was the enly area of cerresiom, visibl*ea
the assembled plug, which might possibly interfere with
a successful discoamect,

10
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R&SULTS: (CONTINUE9D)

7) There were minute areas of corrosion on both of the plugs
which were examined. There was however only one spot of
rust which eight possibly interfere with the successful
operation of the plug. This area was on the rase bearing
located beneath the gear plate. Complete disassembly was
required before this area sould be examined, Rust would
not be present If the bearing had been kept adequately
lubricated. The lack of lubrication on a concealed mov-
Ing part cannot be tolerated on a critical assembly as
dry bearings tend to freeze.

- Type III cadmium plated springs showed the typical ohro-
mate colored corrosion product. Speaks of rust were pro-
sent on several retainers and on the Acme nut Itself.
General mild corrosion of this type, though not detrimental
to plug operation, can be limited by applying light pro-
servative oils such as WD..40* L

Corrosion was also evident on areas surreundisr the eoe-
trical harness. It takes the form of small localized
deposits. Specks of solder rosin are also *video% and
msay of these eoincide with corrosion locio

Polished metallographic specimens were examined under
the microscope. They revealed little but mild surfae
corrosiona
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RESULTS: (CONTINUED)

8) A coaxial connection to a "canon" plug was not secured0
Although the shielding was expoaed, the fitting which
assures positive electrical contact was not tightened.
This type of eletronic wiring defet cam seriously
affect the reliability of an Important monitoring
circuit0 Sow ellet leaves are bent. Figure 4 shows
how a bent collet leaf appears when viewed head ono
Collae which have bent leaves no longer satisfy the
Grey and Hultguard Engineering Drawing P/N 562-340o
Collet tips which fail to contract when the collet pin
Is retracted can Interfere with a successful disconnect.
A collet cannot rapidly extricate Itself from the cable
If one of Its leaves hang up0._

N 0 T Zs The test data from which this report has been pro-
pared are recorded An Astronautics Engineering
Notebook 7652 pages 54-609 65-699 115 and 116,

77*v
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PHOTO INDEX h'.

Figure Photo
Number Number Title Page

1 02856F Umbilical Connector With Shield 14
Assembly Removed

3 M3442 Collet Tip at the Rating Surface 16
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FIGURE I

UMBILICAL CONNFCT(JH 11TH SHIELD ASSEMBLY R124OVED
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CONVAIR ASTRONAUTICS PlE 1

Receptacle Housing

Receptacle Collet Insert

Rogioa of
Greatest tle
Strain (see
Figure 3)

Umbilical Cle i
Plug Housing Cl~ i

F FIGURE 2
COLLETS IN THE HATED CONDITION
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